The condensation reaction of acetophenone (1-phenylethan-1-one) with 2-nitrobenzaldehyde in the molten state yielded the expected chalcone, (E)-3-(2-nitrophenyl)-1-phenylprop-2-en-1-one, and, unexpectedly, the title compound, C 30 H 22 N 2 O 6 , which results from the syn head-to-head [2 + 2] cycloaddition of the chalcone. The molecular structure of the dimer shows that the four benzene rings of the substituents are oriented in such a way that potential steric hindrance is minimized, whilst allowing some degree of intermolecular -interactions for crystal stabilization. In the molecule, one nitro group is disordered over two positions, with occupancies for each part of 0.876 (7) and 0.127 (7).
Chemical context
The [2 + 2]-photocycloaddition reaction is the most frequently used photochemical reaction to access four-membered carbon rings. An emblematic application of this large class of reactions is the synthesis of cage compounds such as cubane (Eaton & Cole, 1964) . On the other hand, [2 + 2] cycloaddition may be also a key tool for the synthesis of some natural compounds including a functionalized cyclobutane ring, for example sceptrin, isolated from a marine sponge (Ma et al., 2014) , ediandrin, isolated from the roots of an Australian rainforest plant (Davis et al., 2009) , or incarvillateine, isolated from the aerial parts of a wild plant found in China (Nakamura et al., 1999; Ichikawa et al., 2004) .
The syntheses of these compounds generally involves photochemical dimerization of olefins, ,-unsaturated carbonyl, or carboxyl compounds. Traditionally, these compounds have been synthesized through intermolecular [2 + 2]-photocycloaddition reaction of 1,3-diarylprop-2-en-1-ones (also known as chalcones) in solution (Kumar et al., 2017) , or in the solid state and molten state, under UV irradiation. The cycloaddition of (E)-chalcones may give four ISSN 2056-9890 possible stereoisomers, namely syn/anti, head-to-head and head-to-tail ( Fig. 1) , depending on the physical state of the substrate (solid, solution or molten state) and on other reaction conditions, such as the type of glassware used for the workup.
Herein we report the synthesis and structure of a new chalcone dimer, obtained fortuitously while preparing the monomeric chalcone (see Scheme). The title compound corresponds to the syn head-to-head stereoisomer (Fig. 1a) , which could arise from a supra-supra bonding interaction between the singly occupied molecular orbital (SOMO) of one chalcone and the lowest unoccupied molecular orbital (LUMO) of the other one ( Fig. 1e ; Smith, 2016). Since we detected only one stereoisomer corresponding to the cycloaddition product in the mixture of the reaction carried out under sunlight, we assume that dimerization is actually performed via this mechanism. Indeed, the proposed mechanism is consistent with the structure reported herein.
Structural commentary
The topochemical solid-state dimerization of the chalcone (E)-3-(2-nitrophenyl)-1-phenylprop-2-en-1-one resulted in the title tetrasubstituted cyclobutane derivative (Fig. 2) . The rctt (cis, trans, trans) relative stereochemistry of the substituents is identical to that oftruxinic acid, obtained by photodimerization of cinnamic acid (Hein, 2006) , indicating that dimerization occurred via a syn head-to-head [2 + 2] cycloaddition of the chalcone.
The molecule potentially belongs to the C s point group, but crystallizes in a general position in space group P1. The cyclobutane ring is thus non-planar, unlike many head-to-tail photodimerizations adducts, which crystallize with the ring placed about an inversion centre (see Database survey section). However, the departure from planarity is very small, the dihedral angle between the C1/C2/C3 and C1/C4/C3 mean planes being 3.6 (2)
. Some other rctt tetrasubstituted cyclobutane derivatives have a more marked butterfly conformation, which apparently results from steric restrictions imposed by bulky substituents (e.g. Strabler et al., 2013) . In the case of the title compound, the cis benzoyl and nitrobenzene groups are oriented research communications Figure 2 Molecular structure of the title cyclobutane, with displacement ellipsoids at the 30% probability level for non-H atoms. Disordered atoms O1B and O2B have been omitted.
Figure 1
The four possible stereoisomers resulting from the [2 + 2]-cycloaddition of (E)-chalcones (Cibin et al., 2003) : (a) syn head-to-head; (b) anti head-to-head; (c) syn head-to-tail and (d) anti head-to-tail; (e) suprasupra bonding interaction ( 2 s + 2 s) of SOMO-LUMO to produce the syn head-to-head stereoisomer shown in (a).
in such a way that intramolecular -or C-HÁ Á Á contacts are avoided. The shortest centroid-to-centroid separation is larger than 4.2 Å , for the nitrobenzene rings, which form a dihedral angle of 45.73 (8) . In contrast, an intermolecularcontact is formed by parallel C11-C16 mnitobenzene rings related by an inversion centre. In that case, the separation between the rings is 3.883 (1) Å . These features seem to indicate that the molecular conformation is optimized in order to avoid steric hindrance, whilst at the same time allowing an efficient packing for the crystal stabilization.
The geometry of the cyclobutane ring matches the statistics computed by MOGUL (Bruno et al., 2004) . The C-C bond lengths range from 1.542 (2) to 1.580 (3) Å and the C-C-C angles range from 88.90 (13) to 90.76 (13) (MOGUL medians: m = 1.558-1.565 Å and m = 88.7-89.5 , respectively). On the other hand, the average of absolute values for torsion angle defined by the four C atoms of the cyclobutane ring is h||i = 2.52 (2) . All these features support the conclusion reached by another research group who determined the structure of a closely related compound, namely a cyclobutane substituted by two benzoyl and two methoxyphenyl groups (Steyl et al., 2005) : the total distortion of the cyclobutane ring increases while additional functionalization of the benzene rings is achieved, due mainly to steric effects. In that sense, the title molecule belongs to the class of cyclobutane derivatives exhibiting almost no puckering distortion.
Database survey
A survey of the current organic sub-set of the CSD database (CSD 5.38 updated May 2017; Groom et al., 2016) was performed for cyclobutane derivatives formulated C 4 H 4 R 2 R 0 2 where R and R 0 are two different substituents. The data set was limited to cyclobutanes for which each C atom is substituted by exactly one H atom and one non-H substituent, and all hits for which the cyclobutane is fused with one or various cyclic systems were omitted. The resulting hits for which 3D coordinates are available were checked by hand in order to eliminate cyclobutanes substituted by three or four different substituents and those for which the four substituents are identical. Finally, structures determined several times were filtered to avoid statistical bias, and some severely disordered cases unsuitable for geometric computations were also deleted. The final working set contained 225 cyclobutanes C 4 H 4 R 2 R 0 2 comparable with the title compound (see deposited Excel file).
Within this set, 77% of the cyclobutanes result formally from a head-to-tail dimerization (known as truxillic type), many of them (108) with the cyclobutane lying on a special position. The remaining 23% result formally from a head-tohead dimerization (known as truxinic type), and only one of them displays crystallographic symmetry (cyclobutane of sceptrin, placed on a twofold axis in space group C2; Ma et al., 2014) . Although the truxillic cyclobutanes thus have a marked tendency to be more 'symmetric' than the truxinic co-set, both groups are very similar regarding their conformational flexibility. The range of distortion accessible for the cyclobutane A plot of the geometric parameters for truxinic-type cyclobutanes with formula C 4 H 4 R 2 R 0 2 retrieved from the CSD. Each red ball corresponds to one cyclobutane ring in the three-dimensional space defined by the average of four bond lengths, the average of four bond angles, and the average of the absolute values of the four torsion angles in the cycle. This distribution is also projected on three two-dimensional spaces, for each couple of geometric parameters (magenta, green, and blue dots). The parameters for the title compound are represented with black dots.
Figure 4
A plot similar to that of Fig. 3 , for truxillic-type cyclobutanes with formula C 4 H 4 R 2 R 0 2 retrieved from the CSD. The same scale for the three axis of the space is used in both figures, for comparison purposes. Note the cluster of points with the averages of bond angles constrained to 90 , corresponding to cyclobutanes planar by symmetry. ring may be estimated by plotting the geometric parameters describing the conformation of the ring: bond lengths, angles, and torsion angles (Figs. 3 and 4) . The distributions observed for 52 truxinic cyclobutanes (Fig. 3) and 174 truxillic cyclobutanes (Fig. 4) are almost identical, with the exception of the accumulation of data at bond angles of 90 in the latter, due to the occurrence of rings planar by symmetry. The same applies to the distortion of the rings in both groups, for example, for the functions = (), where is a bond angle and a torsion angle (blue curves in Figs. 3 and 4) . Indeed, these distributions are perfectly fitted using the same power function in both groups: = 15( À 90) 0.5 , where and are expressed in degrees.
The title compound belongs to the truxinic group, and exhibits a very small distortion for the cyclobutane ring, compared to other truxinic derivatives (see black dots in Fig. 3 ). Only three other related truxinic derivatives for which the X-ray structures have been published present a more planar cyclobutane ring. It thus appears that the substituents in the title molecule, benzoyl and 2-nitrophenyl, have very little steric influence on the central ring.
Synthesis and crystallization
A mixture of acetophenone (0.52 g, 4.38 mmol), 2-nitrobenzaldehyde (0.66 g, 4.38 mmol) and solid NaOH pellets (0.17 g, 4.38 mmol) were ground in an agate mortar with a pestle, at room temperature, for 23 min. The reaction proceeds exothermically (as noted by a rise in temperature of about 5-12 K). The progress of the reaction was monitored by TLC. After completion, the mixture was diluted with CH 2 Cl 2 and washed with brine. The organic layer was separated, dried over MgSO 4 and evaporated under reduced pressure. The crude product was purified by column chromatography using silica-gel and hexanes-ethyl acetate 4:1 as eluent, to give the expected chalcone and the title compound (0.66 g, 30%), as brown and colourless solids, respectively. 46.8, 125.0, 128.3, 129.4, 129.6, 130.4, 133.1, 134.7, 136.7, 137.5, 148.6, 196.9 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . One of the nitro groups is disordered by rotation about its C-NO 2 bond, and was refined with two parts for the O atoms: O1A/O2A with occupancy 0.876 (7) and O1B/O2B with occupancy 0.124 (7). These four sites were restrained to have similar displacement parameters, with standard deviation of 0.04 Å 2 . The same restriction was applied to the O atoms of the other nitro group, O3/O4, given that this nitro group is probably also affected by disorder, although we were unable to refine a suitable model on the basis of the room temperature data for this group. The Cbound H atoms were treated as riding atoms in geometrically idealized positions: C-H 0.93-0.98 Å with U iso (H) = 1.2U eq (C).
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